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EC SOD AND CELL TRANSDUCING EC SOD AND 

USE THEREOF 



TECHNICAL FIELD 

5 The present invention relates to an extracellular superoxide dismutase (EC 

SOD), a cell-transducing EC SOD, and the use thereof. More particularly, the 
present invention relates to an EC SOD, a cell-transducing EC SOD with enhanced 
cell-transduction ability, and the use thereof for preventing or treating skin diseases. 



10 BACKGROUND ART 

Superoxide dismutase (SOD) is one family of antioxidant enzyme that 
functions to remove damaging reactive oxygen species from cellular environment and 
to protect cells. SOD functions to dismutation of two superoxide radical to hydrogen 
peroxide and oxygen. SOD is classified into Cu/Zn SOD containing copper and zinc 

15 atoms, Mn SOD containing manganese atom, and extracellular superoxide dismutase 
(EC SOD) located in the cell surface or the extracellular fluid. Of them, EC SOD 
contains copper and zinc atoms as in Cu/Zn SOD, but is characterized in that a 
heparin-binding domain is present in the C-terminal end. Since EC SOD has the 
heparin-binding domain, it is assumed that EC SOD will function to protect cell 

20 membranes by binding to the cell membranes. According to literatures, it was 
known that EC SOD plays a role in the body's defense mechanism in serums and 
extracellular matrices (Marklund et al, Biochem. J. 266, 213-219, 1990; Su et al., Am J 
Respir Cell Mol Biol, Feb 16(2), 162-70, 1997; Luoma et al., Thromb. Vase. Bio. 18, 
157-167, 1998). Other literatures reported that gene therapy with EC SOD improves 

2 5 aorta restenosis in rabbits and alleviates collagen-induced arthritis in mice (Laukkanen 
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MO et aL, Circulation, 106, 1999-2003, 2002; Iyama S et aL, Arthritis & Rheumatism, 
44, 9, 2160-2167, 2001). Recently, it was reported that EC SOD could inhibit 
telomere shortening, a cell aging phenomenon in human fibroblasts and extends the 
replicative life span of human fibroblast (Serra V et aL, J. Biol Chem., 278, 9, 6824- 
5 6830, 2003). In addition, it was reported that the heparin-binding domain of EC 
SOD acts as a nuclear localization signal so that it is located within the nuclei of 
thymuses and testis cells so as to protect genomic DNA from oxidative stress and to 
regulate the DNA transcription sensitive to oxidation-reduction reaction (Ookawara T 
et aL, BBRC, 296, 54-61, 2002). However, neither the distribution pattern of EC 
10 SOD in the skin nor the effect of EC SOD on skin diseases is yet known. 

Meanwhile, as the fact that certain proteins can effectively enter cells through 
cellular membranes is found, studies to use such proteins as transport means to 
transduce useful substances into cells are now actively performed. Typical examples 
of such proteins include HIV Tat protein, ANTP, VP22 protein, PEP-1 peptide, and 
15 the like (Lindgren et aL, TIPS 21:99, 2001; Green et aL, Cell, 55, 1179-1188, 
1988)). It is known that the cell-transduction ability of such proteins is caused by the 
properties of a protein transduction domain (PTD) with the activity capable of 
crossing a cell membrane phospholipid bilayer (Fankel A. D. et aL, Cell, 55, 1189- 
1193, 1988; Green M. et aL, Cell, 55, 1179-1188, 1988). 
20 Accordingly, since drugs or proteins which are used as therapeutic agents 

cannot spontaneously cross the cell membrane in most cases, studies to use the above- 
described protein transduction domain to introduce useful proteins into cells are now 
performed. 

2 5 DISCLOSURE OF THE INVENTION 



2 
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Therefore, during studies on the activity of EC SOD, the present inventors 
have discovered new facts that EC SOD is more present in the dermal layer of the 
body skin than in the epidermal layer while it removes reactive oxygen species in skin 
cells and inhibits the overgrowth of epidermal cells, the expression of matrix 
5 metalloproteinase (MMP) and the degranulation of mast cells. Thus, the present 
inventors have found that EC SOD can be used for preventing and treating skin 
diseases, and also, the present inventors prepared an EC SOD fusion protein with cell- 
transduction ability by fusing a protein transduction domain to EC SOD. On the 
basis of this discovery and preparation, the present invention has been perfected. 

1 0 Accordingly, an object of the present invention is to provide a pharmaceutical 

composition for preventing or treating skin disease, which comprises as an active 
ingredient an isolated EC SOD protein or an expression vector comprising a 
polynucleotide encoding the protein. 

Another object of the present invention is to provide a cosmetic composition 

15 for preventing or improving of skin diseases, which comprises an isolated EC SOD 
protein. 

Still another object of the present invention is to provide a method for 
preventing or treating skin diseases, which comprises administering to a subject in 
need thereof an effective amount of an isolated EC SOD protein or an expression 
2 0 vector comprising a polynucleotide encoding the protein. 

Still another object of the present invention is to provide the use of an 
isolated EC SOD protein or an expression vector comprising a polynucleotide 
encoding the protein, for the preparation of a pharmaceutical composition for 
preventing or treating skin diseases. 
25 Still another object of the present invention is to provide a pharmaceutical 
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composition for preventing or treating skin diseases, which comprises either a cell- 
transducing EC SOD fusion protein in which a protein transduction domain is fused to 
an EC SOD protein or a polynucleotide encoding the protein. 

Still another object of the present invention is to provide a cosmetic 
5 composition for preventing or improving skin diseases, which comprises an isolated 
cell-transducing EC SOD fusion protein in which a protein transduction domain is 
fused to an EC SOD protein. 

Still another object of the present invention is to provide a method for 
preventing or treating skin diseases, which comprises administering to a subject in 
1 0 need thereof an effective amount of either an isolated cell-transducing EC SOD fusion 
protein in which a protein transduction domain is fused to an EC SOD protein or an 
expression vector comprising a polynucleotide encoding the fusion protein. 

Still another object of the present invention is to provide the use of either an 
isolated cell-transducing EC SOD fusion protein in which a protein transduction 
15 domain is fused to an EC SOD protein or an expression vector comprising a 
polynucleotide encoding the fusion protein, for the preparation of a pharmaceutical 
composition for preventing or treating skin diseases. 

Yet another object of the present invention is to provide a cell-transducing 
EC SOD fusion protein in which a protein transduction domain fused to the amino 
2 0 terminal end of EC SOD. 

Another further object of the present invention is to provide a polynucleotide 
encoding the fusion protein. 

To achieve the above objects, the present invention provides a 
pharmaceutical composition for preventing or treating skin diseases, which comprises 
25 as an active ingredient an isolated EC SOD protein or an expression vector comprising 
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a polynucleotide encoding the protein. 

Also, the present invention provides a cosmetic composition for preventing 
or improving skin diseases, which comprises an isolated EC SOD protein. 

Also, the present invention provides a method for preventing or treating skin 
5 diseases, which comprises administering to a subject in need thereof an effective 
amount of an isolated EC SOD protein or an expression vector comprising a 
polynucleotide encoding the protein. 

Also, the present invention provides the use of an isolated EC SOD protein or 
an expression vector comprising a polynucleotide encoding the protein, for the 
1 0 preparation of a pharmaceutical composition for preventing or treating skin diseases. 

Also, the present invention provides a pharmaceutical composition for 
preventing or treating skin diseases, which comprises either a cell-transducing EC 
SOD fusion protein in which a protein transduction domain is fused to an EC SOD 
protein or an expression vector comprising a polynucleotide encoding the protein. 
15 Also, the present invention provides a cosmetic composition for preventing 

or improving skin diseases, which comprises an isolated cell-transducing EC SOD 
fusion protein in which a protein transduction domain is fused to an EC SOD protein. 

Also, the present invention provides a method for preventing or treating skin 
diseases, which comprises administering to a subject in need thereof an effective 
20 amount of either an isolated cell-transducing EC SOD fusion protein in which a 
protein transduction domain is fused to an EC SOD protein or an expression vector 
comprising a polynucleotide encoding the fusion protein. 

Also, the present invention provides the use of either an isolated cell- 
transducing EC SOD fusion protein in which a protein transduction domain is fused to 
25 an EC SOD protein or an expression vector comprising a polynucleotide encoding the 
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fusion protein, for the preparation of a pharmaceutical composition for preventing or 
treating skin diseases. 

Also, the present invention provides a cell-transducing EC SOD fusion 
protein in which a protein transduction domain is fused to the amino terminal end of 
5 EC SOD. 

Also, the present invention provides a polynucleotide encoding the fusion 

protein. 

Hereinafter, the present invention will be described in detail. 

In one example of the present invention, the distribution pattern of EC SOD 

10 in the mouse skin was examined by immunohistochemical staining (see Example 1-1). 
The examination results could suggest that EC SOD is distributed throughout the 
mouse skin, and particularly, more present in the connective tissue of the dermal layer 
than in the epidermal layer (see FIG. 1). Also, in another example of the present 
invention, the expression pattern of EC SOD mRNA in the dermal and epidermal 

1 5 layers of the skin was examined (see Example 1-2), and as a result, a new fact that EC 
SOD is expressed at a much higher level in the dermal layer than in the epidermal 
layer could be found (see FIG. 2). From the above experimental results, it was 
inferred that EC SOD would perform the action of protecting the skin while it would 
be present in the skin tissue, particularly the dermal layer. 

20 Accordingly, in order to directly examine the role of EC SOD in the skin, in 

one example of the present invention, the mouse skin was irradiated with various UV 
lights (UVA, UVB and PUVA), and the expression patterns of EC SOD were 
analyzed at varying time points after the UV irradiation (see Examples 1-3 to 
Examples 1-5). The results could indicate that the expression of EC SOD in the skin 

2 5 varies depending on the presence or absence of UV irradiation (see FIGS. 3 to 5). 
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From the above experimental results, the present inventors have found a new 
fact that EC SOD is distributed throughout the skin tissue, particularly the dermal 
layer, while its expression varies with UV irradiation intensity and the passage of 
time. 

5 Also, the present inventors examined the effect of overexpression of EC SOD 

on the amount of UV-induced intracellular reactive oxygen by preparing a mouse EC 
SOD-overexpressed cell line, irradiating the cell with UV and then measuring the 
amount of reactive oxygen in the cell (see Example 2). The results could suggest 
that the overexpression of mouse EC SOD effectively reduces intracellular reactive 
1 0 oxygen (see FIGS. 6 and 7). 

Moreover, the present inventors examined the effect of overexpression of 
human EC SOD on UV-induced cell death by preparing a human EC SOD- 
overexpressed cell line, irradiating the cell with UV and then measuring cell death 
(see Example 3). The results could indicate that the overexpression of human EC 
1 5 SOD effectively reduces cell death induced by UV (see FIG. 9). 

On this, in order to facilitate the protecting action of EC SOD on the skin 
tissue, the present inventors imparted cell-transduction ability to EC SOD by 
preparing a EC SOD fusion protein where a protein transduction domain is selected 
from an HIV-1 Tat transduction domain (amino acid residues 49-57), an oligopeptide 
20 consisting of 5-12 arginine residues, an oligopeptide consisting of 5-12 lysine 
residues, and a PEP-1 peptide had been bound to EC SOD (see Example 4). 

Furthermore, the present inventors more concretely examined the therapeutic 
effects of EC SOD and cell-transducing EC SOD in skin disease models with TPA 
(12-0-tetradecanoylphorbol-13-acetate). 
25 The TPA induces inflammations with the dermal infiltration of lymphocyte 
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and neutrophils, and interfollicular epidermal hyperplasia in mouse skin cells, so as to 
cause skin diseases such as dermatitis and psoriasis (Segal et aL, Cancer Res, 
35:2154-2159, 1975; Sawa et aL, J Med Chem, 45:930-936, 2002). Furthermore, 
TP A treatment can promote aging process by activating a MMP (matrix 
5 metalloproteinase) enzyme which decomposes connective tissues released from 
keratinocytes. Thus, the present inventors examined the expression pattern of EC 
SOD in the TPA-treated skin tissue of mice where EC SOD has been overexpressed in 
the skin, as well as a change in the thickness of the skin tissue. Also, the expression 
of MMP was examined in EC SOD-overexpressed keratinocyte cells and human 

10 fibroblasts which treated either an EC SOD protein or a cell-transducing EC SOD 
fusion protein (see Example 5). The results could suggest that the EC SOD and the 
cell-transducing EC SOD fusion protein inhibit the overgrowth of epidermal cells (see 
FIGS. 20 and 21) and the activity of an MMP (matrix metalloproteinase) enzyme (see 
FIGS. 22 and 23). Thus, it could be found that these proteins have the effect of 

15 preventing or inhibiting the development of skin diseases, such as dermatitis, 
psoriasis-like epidermal hyperplasia, and aging. 

Furthermore, the present inventors examined whether the EC SOD protein 
inhibits the degranulation of the mast cells with the inventive EC SOD protein (see 
Example 6). It is known that if the mast cells are degranulated, chemical substances 

2 0 will be released from the mast cells so as to cause allergic skin diseases, such as atopy, 
contact allergy and urticaria. The test results showed that the inventive EC SOD 
protein could inhibit the degranulation of mast cells so as to effectively .prevent and 
treat the above-described allergic skin diseases (see Table 3). 

From the test results as described above, the present inventors could found a 

25 new fact that the EC SOD and the cell-transducing EC SOD have the activity capable 
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of effectively preventing or treating skin diseases by removing intracellular reactive 
oxygen species, inhibiting the overgrowth of epidermal cells, the expression of MMP 
(matrix metalloproteinase) and the degranulation of mast cells. 

Thus, the present invention provides a pharmaceutical composition for 
5 preventing or treating skin diseases, which comprises as an active ingredient the EC 
SOD protein or the cell-transducing EC SOD fusion protein. 

The EC SOD proteins which can be used in the present invention include a 
natural or recombinant EC SOD protein or a protein with the substantially equivalent 
physiological activity to the EC SOD protein. The protein with the substantially 
1 0 equivalent physiological activity includes functional equivalents and derivatives of the 
natural/recombinant EC SOD protein. The EC SOD protein can be prepared using 
known nucleic acid sequences by genetic engineering methods, and an illustration of a 
method for the preparation of this protein is described in an example of the present 
invention. 

15 As used herein, the term "functional equivalents" refers to proteins which 

exhibit substantially equivalent physiological activity to the natural EC SOD protein 
and have at least 60%, preferably at least 70%, and more preferably at least 90% 
sequence homology, to the amino acid sequence of natural EC SOD protein. The 
functional equivalents include, for example, amino acid sequence variants having a 

2 0 substitution of some amino acids or all amino acids of the natural protein or a deletion 
or addition of some amino acids of the natural protein. The substitution of amino 
acids is preferably a conservative substitution. Examples of a conservative 
substitution of naturally occurring amino acids include: aliphatic amino acids (Gly, 
Ala, Pro), hydrophobic amino acids (lie, Leu, Val), aromatic amino acid (Phe, Tyr, 

2 5 Trp), acidic amino acids (Asp, Glu), basic amino acids (His, Lys, Arg, Gin, Asn), and 

9 
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sulfur-containing amino acids (Cys, Met). The deletion of amino acids is located at a 
portion which is not involved directly in the physiological activity of the EC SOD 
protein. 

As used herein, the term "functional derivatives" refers to proteins with 
5 physical and chemical modifications for increasing or reducing the physical and 
chemical properties of the EC SOD protein. Derivatives with modifications for 
changing the temperature stability, storage stability, solubility and pH stability of the 
EC SOD protein are within the scope of the present invention. The functional 
derivatives of the EC SOD protein are made by any method known in the art. 

1 0 The amino acid sequence of the inventive EC SOD protein is known in the 

art and derived from mammals. Preferably, the mammals include human beings. 
Most preferably, the inventive EC SOD protein is defined as a protein consisting of an 
amino acid sequence of SEQ ID NO: 1 1. Furthermore, the EC SOD protein may be a 
protein in which the heparin transduction domain (amino acid residues 210-222) is 

15 deleted. 

The cell-transducing EC SOD fusion protein according to the present 
invention is characterized in that the protein transduction domain is fused to the amino 
terminal end of an isolated EC SOD protein or a protein exhibiting substantially 
equivalent physiological activity to the EC SOD protein and having at least 60% 

2 0 sequence homology of the amino acid sequence of the EC SOD protein. The protein 
transduction domain refers to an oligopeptide consisting of several amino acid 
residues, which is able to introduce not only itself but also polymeric organic 
compounds, such as other kinds of oligonucleotides, peptides, proteins and 
oligosaccharides, without requiring separate receptors or energy into the cell. 

25 Examples of the protein transduction domain which can be used in the present 
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invention include, but are not specifically limited to, an HTV-1 Tat transduction 
domain, an oligopeptide consisting of 5-12 arginine residues, an oligopeptide 
consisting of 5-12 lysine residues, a PEP-1 peptide, an ANTP protein, a VP22 protein, 
and the like (Morris et al., Nat Biotechnol, 19:1173-1175, 2001; Schwarze et al., 
5 Trends Cell Biol, 10:290-295, 2000; Vives et al., J Biol Chem 272:16010-16017, 
1997). Preferably, one selected from the group consisting of a transduction domain 
of 9 amino acid residues (RKKRRQRRR) corresponding to amino acids 49-57 of 
HTV-1 Tat, an oligopeptide of 9 arginine residues, an oligopeptide of 10 lysine 
residues, and a PEP-1 peptide (KETWWETWWTEWSQPKKKRKV), may be used as 
10 the protein transduction domain. 

The HIV-l Tat transduction domain is characterized by having a signal to 
open the lipid barrier of cells to be transduced by EC SOD. The hydrophobic 
domain of the PEP-1 peptide binds to the hydrophobic portion of a protein to be 
transduced and then plays a role of increasing the efficiency of targeting the protein to 
15 the cell membrane, and the hydrophilic domain plays a role of facilitating the 
movement of the protein into the cytoplasm. 

Meanwhile, definitions of abbreviations used in the present invention are as 
follows: R (alanine); Q (glutamine); E (glutamic aic); K (lysine); P (proline); S 
(serine); T (threonine); W (tryptophan); V (valine). 
2 0 Most preferably, the cell-transducing EC SOD fusion protein according to the 

present invention may be selected from a TAT-EC SOD fusion protein, a TAT- 
AHD/EC SOD fusion protein; a K10-EC SOD fusion protein, an R9-EC SOD fusion 
protein, a PEP1-EC SOD fusion protein, and a PEP1-AHD/EC SOD fusion protein, 
which have amino acid sequences of SEQ TD NO: 12, SEQ ID NO: 13, SEQ ID NO: 
25 14, SEQ ID NO: 1 5, SEQ ID NO: 22 and SEQ TD NO: 23, respectively. 

11 
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Skin diseases against which the inventive EC SOD proteins can be applied 
include all those caused by reactive oxygen species, the overgrowth of epidermal cells, 
the expression of MMP (matrix metalloproteinase), or degranulation of mast cells. 
Examples of the skin diseases may include, but are not limited to, skin cancer, 
5 pigmentation disease, photoaging, chronoaging, dermatitis, atopy, contact allergy, 
epidermal hyperplasia, and urticaria. 

The inventive pharmaceutical composition may comprise a pharmaceutical^ 
acceptable carrier together with the EC SOD protein or the cell-transducing EC SOD 
fusion protein. As used herein, the term "pharmaceutically acceptable carrier" refers 
10 to a substance that is physiologically acceptable and does not generally cause allergic 
reactions, such as gastrointestinal disorder and dizziness etc. or reactions similar 
thereto when administered into humans. 

The pharmaceutically acceptable carriers may include, for example, carriers 
for oral administration or for parenteral administration. The carriers for oral 
15 administration may include lactose, starch, cellulose derivatives, magnesium stearate, 
stearic acid and so on. Also, the carriers for parenteral administration may include 
water, suitable oils, saline solution, aqueous glucose and glycol etc. and the inventive 
composition may further comprise stabilizers and conservatives. Suitable stabilizers 
include antioxidants, such as sodium bisulfite, sodium sulfite or ascorbic acid. 
20 Suitable preservatives include benzalkonium chloride, methyl- or propyl-paraben, and 
chlorobutanol. For other pharmaceutically acceptable carriers, reference may be 
made to the following literature: Remington's Pharmaceutical Sciences, 19th ed., 
Mack Publishing Company, Easton, PA, 1995. 

The EC SOD protein or the cell-tranducing EC SOD fusion protein, which is 
25 contained in the inventive composition, may be formulated into various parenteral or 

12 
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oral dosage forms, together with the pharmaceutical^ acceptable carrier as described 
above. The formulations for parenteral administration preferably include injection 
formulations, such as isotonic aqueous solution or suspension formulations, and 
ointment formulations. The injection formulations may be prepared using suitable 
5 dispersing or wetting agents, and suspending agents, according to the known methods 
in the art For example, each ingredient is dissolved in saline or buffer and then can 
be prepared into a dosage form for injection. Examples of the formulations for oral 
administration include, but are not limited to, powders, granules, tablets, pills and 
capsules, and these formulations may comprise, in addition to the active ingredient, 
10 diluents (e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose, and/or glycin) 
and lubricants (e.g., silica, talc, stearic acid, and magnesium or calcium salts thereof, 
and/or polyethylene glycol). The tablets may comprise binders, such as magnesium 
aluminum silicate, starch paste, gelatin, tragacanth, methyl cellulose, sodium 
carboxymethylcellulose and/or polyvinylpyrrolidone, and if necessary, it may further 
15 comprise disintegrants, such as starch, agar-agar, alginate or a sodium salt thereof, or 
azeotropic mixtures and/or absorbing agents, coloring agents, flavoring agents and 
sweetening agents. These formulations may be prepared by a conventional mixing, 
granulation or coating method. 

Routes for the administration of the inventive pharmaceutical composition 
20 include, but are not limited to, oral, intravenous, intramuscular, intraarterial, 
intramarrow, intrathecal, intracardiac, transdermal, epicutaneous, subcutaneous, 
intraperitoneal, intranasal, intestinal tract, local, sublingual and rectal routes. 

Preferably, the pharmaceutical composition according to the present 
invention can be administered parenterally by a subcutaneous, intravenous, 
25 intramuscular, intraarticular, intrabursal, intrasternal, intrathecal, intralesional or 

13 
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intracranial injection or infusion technique. For example, the inventive 
pharmaceutical composition formulated for injection may be administered by 
messotherapy which is the method of injection into the skin at a given amount by a 
fine needle of 4-6 mm or lightly pricking the skin with a 30-gage injection needle. 
5 Also, for application to the skin, the inventive pharmaceutical composition may be 
formulated into, for example, ointment preparations, in the transdermal or 
epicutaneous administration. As used herein, the term 'transdermal or epicutaneous 
administration" means that the pharmaceutical composition is locally administered 
into the skin such that an effective amount of an active ingredient contained in the 

10 pharmaceutical composition is transferred. Particularly, a pharmaceutical 
composition containing the inventive cell-transducing EC SOD fusion protein as an 
active ingredient is preferably administered by the transdermal or epicutaneous 
administration technique for direct application to the skin. Furthermore, the 
inventive pharmaceutical composition may be administered by a bioengineering 

1 5 technique associated with a protein transduction method. 

The EC SOD protein or cell-transducing EC SOD fusion protein contained in 
the pharmaceutical composition according to the present invention may be 
administered to a patient at an amount showing a preventive or therapeutic effect. 
Generally, this EC SOD protein may be administered at a daily dose ranging from 

20 about 0.0001 to 100 mg/kg, and preferably about 0.01 to 1 mg/kg. The inventive 
pharmaceutical compositions may be administered at an amount within the preferred 
daily dose range one time or several times each day. However, the dose of the 
inventive pharmaceutical composition may be suitably selected according to an 
administration route, a subject to be administered, and the age, sex, body weight, 

2 5 characteristic and disease condition of the subject 

14 
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In another aspect, the present invention provides a pharmaceutical 
composition for preventing or treating skin diseases, which comprises as an active 
ingredient an expression vector comprising either a polynucleotide encoding the EC 
SOD protein or a polynucleotide encoding the cell-transducing EC SOD fusion 
5 protein. 

The polynucleotide encoding the EC SOD protein may preferably be one 
encoding an amino acid sequence of SEQ ID NO: 1 1 . 

The polynucleotide encoding the cell-transducing EC SOD fusion protein is 
characterized in that a DNA sequence encoding a protein transduction domain is 

10 bound to the 5 '-terminal end of EC SOD cDNA. The DNA sequence encoding the 
protein transduction domain may be a DNA sequence encoding one selected from an 
HTV-1 Tat transduction domain, an oligopeptide consisting of 5-12 arginine residues, 
an oligopeptide consisting of 5-12 lysine residues, a PEP-1 peptide, an ANTP protein, 
and a VP22 protein, but is not limited thereto. Also, the inventive polynucleotide 

15 may be one in which the 5' tenninal end of protein transduction domain fused EC 
SOD protein is bounded to a DNA sequence encoding six histidine residue. 
Preferably, the polynucleotide sequence encoding the inventive fusion protein may be 
one of SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID 
NO: 24 or SEQ ID NO: 25. 

20 The expression vector comprising the polynucleotide sequence may contain 

an expression control sequence together with the polynucleotide encoding the EC 
SOD protein or the polynucleotide encoding the cell-tranducing EC SOD fusion 
protein. As used herein, the term "expression control sequence" refers to DNA 
sequences necessary for the expression of operably linked coding sequences in a 

2 5 certain host cell. The expression control sequences include promoters for performing 

15 
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transcription, optional operator sequences for controlling the transcription, sequences 
encoding suitable mRNA ribosome-binding sites, and transcriptional and translational 
termination regulatory sequences. For example, control sequences suitable for 
prokaryotic organisms include promoters, operator sequences, and sequences 
5 encoding ribosome-bind sites. Eukaryotic cells are known to utilize promoters, 
polyadenylation signals, and enhancers. 

The expression vector contained in the inventive pharmaceutical composition 
may be a plasmid or virus vector, and refers to a vector which can be introduced into a 
target cell in an expressed state by any method known in the art, such as infection or 
10 transduction. 

A plasmid expression vector is a means for transferring plasmid DNA directly 
to human cells by a gene transfer method approved by FDA for use in human beings 
(Nabel EG, et al., Science, 249:1285-1288, 1990). Plasmid expression vectors which 
can be used in the present invention include mammalian expression plasmids known 
15 in the art. Typical examples include, but are not limited to, pRK5 (European Patent 
No. 307,247), pSV16B (PCT publication No. 91/08291) andpVL1392 (PharMingen). 

The plasmid expression vector may be introduced into a target cell by any 
method known in the art, such as transient transfection, microinjection, transduction, 
cell fusion, calcium phosphate precipitation, liposome-mediated transfection, DEAE 
20 dextran-mediated transfection, polybrene-mediated transfection, electroporation, gene 
gun or other methods for introducing DNA into cells (Wu et al., J Biol Chem, 
267:963-967, 1992; Wu and Wu, J Biol Chem, 263:14621-14624, 1988). 

Moreover, the virus expression vectors according to the present invention 
include, but are not limited to, retrovirus, adenovirus, herpes virus and avipox virus. 
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The virus vector may be administered by any method known in the art. For 
example, it may be administered by a local, parenteral, oral, intranasal, intravenous, 
intramuscular or subcutaneous route or any other suitable route. Particularly, the 
vector may be injected directly into a target cell in an effective amount. 
5 In still another aspect, the present invention provides a method for preventing 

or treating skin diseases, which comprises administering to a subject in need thereof 
an effective amount of the EC SOD protein, the cell-tranducing EC SOD fusion 
protein, or a polynucleotide encoding each of the proteins. 

As used herein, the term "effective amount" refers to an amount showing the 
10 effect of preventing or treating skin diseases. 

As used herein, the term "subject" means animals including mammals, 
particularly human beings. The subject may be a patient requiring treatment. 

In yet another aspect, the present invention provides the use of the EC SOD 
protein, the cell-transducing EC SOD fusion protein, or a polynucleotide encoding 
15 each of the proteins, for the preparation for a pharmaceutical composition for 
preventing or treating skin diseases. 

In another further aspect, the present invention provides a cosmetic 
composition comprising the isolated EC SOD protein or isolated cell-transducing EC 
SOD fusion protein of the present invention. The inventive cosmetic composition 
20 may be very effectively used against aging or pigmentation diseases, such as, 
discoloration or melasma, dermatitis, psoriasis, atopy, urticaria and allergy. The 
aging diseases include all natural aging and photoaging. The natural aging refers to 
aging that naturally occurs with advancing years, and the photoaging refers to aging 
that occurs by artificial or natural exposure to UV, etc. In addition, the inventive 
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cosmetic composition is effective in the prevention and improvement of wrinkles 
caused by aging. 

The functional cosmetic composition according to the present invention may 
be prepared by a conventional method. The inventive EC SOD protein may be 
5 contained in an amount of 0.001-50% by weight, and preferably 0.1-20% by weight, 
based on the dry weight of the cosmetic composition. 

Along with dermatologically acceptable carriers, the inventive cosmetic 
composition may be applied in foundation cosmetic compositions (e.g., toilet water, 
cream, essence, cleansing foam, cleansing water, pack, and body oil), color cosmetic 
10 compositions (e.g., foundation, lipstick, mascara, and make-up base), and the like. 
Such carriers may include skin softner, skin penetration enhancers, coloring agents, 
aromatics, emulsifiers, thickeners, and solvents. 

In still another aspect, the present invention provides a cell-transducing EC 
SOD fusion protein in which a protein transduction domain is fused to the EC SOD 
15 protein. The cell-transducing EC SOD fusion protein can transducer into skin cells, 
thus increasing the therapeutic effect of the EC SOD protein against skin diseases. 

In yet another aspect, the present invention provides a polynucleotide 
sequence encoding the EC SOD fusion protein. 

The cell-transducing EC SOD fusion protein may be prepared by the steps of: 
20 (a) transforming a host microorganisms with a recombinant expression vector 
comprising a polynucleotide sequence encoding the cell-transducing EC SOD fusion 
protein; (b) culturing the transformed microorganisms prepared in the step (a) in a 
suitable medium and condition for the expression of the polynucleotide sequence; and 
(c) collecting a substantially pure fusion protein encoded by the polynucleotide 
2 5 sequence from the culture solution of the step (b). 
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As the host microorganisms, any microorganisms can be used without special 
limitations if they can express the cell-transducing EC SOD fusion protein of the 
present invention. Examples of such host microorganism include bacteria, such as E. 
colU bacillus, Pseudomonas and Streptomyces, eukaryotic and prokaryotic host cells, 
5 such as fungi and yeasts, insect cells, such as Spodoptera frugiperida (SF9), animal 
cells, such as CHO and mouse cells, and tissue-cultured human and plant cells. 
Preferred microorganisms include bacteria such as K coli and bacillus subtilis. 
Depending on applications, microorganisms for food proved to be safe in the human 
body, such as lactic acid bacteria, may be used. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a photograph showing the results of immunohistochemical 
examination for the distribution pattern of EC SOD in mouse skin tissue. 

Left: a photograph showing the result of immunostaining with a rabbit anti- 
1 5 mouse EC SOD antibody. 

Right: a photograph showing the result of immunostaining with preimmune 
rabbit serum as a negative control group. 

FIG. 2 shows the results of Northern blot analysis for the expression pattern 
of EC SOD in the epidermal and dermal layers of the mouse skin. GAPDH was used 
20 as a loading control. 

**: significant difference at p<0.05. 

FIG. 3 shows the results of Northern blot analysis for the expression pattern 

r 

of EC SOD in mice at different time points after UVA irradiation. GAPDH was used 
a loading control. 
25 A: 5 kJ/m 2 of irradiation 
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B: 25 kJ/m 2 of irradiation 

FIG. 4 shows the results of Northern blot analysis for the expression of EC 
SOD in mice at different time points after UVB irradiation. GAPDH was used as a 
loading control. 
5 A: 2kJ/m 2 of irradiation 

B: 8kJ/m 2 of irradiation 

C: 15kJ/m 2 of irradiation 

FIG. 5 shows the results of Northern blot analysis for the expression of EC 
SOD in mice at different time points after the mice are treated with 8-MOP and, after 
1 0 one hour, irradiated with UVA. 

A: 5kJ/m 2 of irradiation 
B: 25kJ/m 2 of irradiation 

FIG. 6 shows the results of Northern blot analysis for the expression pattern 
of EC SOD (A) at different time points after removing tetracycline from a Tet off- 
15 MEF/3T3 inducible gene expression system (TET OFF) to induce the overexpression 
of EC SOD, as well as the activity of EC SOD (B). 

TET ON: the case of presence of tetracycline 

TET OFF: the case of removal of tetracycline 

FIG. 7A is a graph showing, as a value relative to that of a control group, the 
20 amount of intracellular reactive oxygen species in a mouse EC SOD-overexpressed 
cell line at different time points after irradiation with 1 0 J/cm 2 of UVA. 
TET ON: the case of presence of tetracycline 
TET OFF: the case of removal of tetracycline 



20 



WO 2005/042583 



PCT/KR2004/002757 



FIG. 7B is a graph showing, as a value relative to that of a control group, the 
amount of intracellular reactive oxygen species in a mouse EC SOD-overexpressed 
cell line at different time points after irradiation with 20 mJ/cm of UVB. 

TET ON: the case of presence of tetracycline 
5 TET OFF: the case of removal of tetracycline 

FIG. 7C is a graph showing, as a value relative to that of a control group, the 
amount of intracellular active oxygen in a mouse EC SOD-overexpressed cell line at 
different time points after the cell line is treated with 0.1% 8-MOP and, after 30 
minutes, irradiated with 2 J/cm 2 of UVA. 
1 0 TET ON: the case of presence of tetracycline 

TET OFF: the case of removal of tetracycline 

FIG. 8 shows a restriction map of a human EC SOD overexpression vector 
according to the present invention. 

FIG. 9 shows the result of Western blot analysis for EC SOD expressed in 
15 EC SOD-overexpressed HaCaT cells. 

FIG. 10 shows the results of flow cytometric analysis for the ratio of cell 
death resulted from UV irradiation on EC SOD-overexpressed HaCaT cells. 

FIG. 1 1 shows a restriction map of a TAT-EC SOD fusion protein or TAT- 
AHD/EC SOD fusion protein expression vector according to the present invention. 
20 FIG. 12 is a photograph showing the results of electrophoresis analysis for a 

purified TAT-EC SOD fusion protein and TAT-AHD/EC SOD fusion protein. 

FIG. 13 is a photograph showing the results of electrophoresis for a purified 
TAT-EC SOD fusion protein, K10-EC SOD fusion protein and R9-EC SOD fusion 
protein. 
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FIG. 14 is a photograph showing the results of immunocytochemical 
observation indicating that a TAT-EC SOD fusion protein and TAT-AHD/EC SOD 
fusion protein of the present invention transduce into human HaCaT cells so that they 
are located within the cell nuclei. 
5 FIG. 15 shows the results of Western blot analysis for the cell transduction 

efficiencies of a TAT-EC SOD fusion protein and TAT-AHD/EC SOD fusion protein 
of the present invention. 

FIG. 16 shows a restriction map of a PEP1-EC SOD fusion protein or PEP1- 
AHD/EC SOD fusion protein expression vector of the present invention. 
10 FIG. 17 is a photograph showing the results of immunocytochemical 

observation indicating that a PEP1-EC SOD fusion protein of the present invention 
transduces into HeLa cells so that it is located within the cell nuclei. 

A: an EC SOD protein-treated group (negative control group); and 

B: a PEP-l-EC SOD fusion protein-treated group (test group). 
15 FIG. 18 is a schematic diagram of a mouse EC SOD overexpression vector 

used for the preparation of EC SOD-overexpressed mice. 

FIG. 19 shows the results of immunohistochemical analysis for the 
expression pattern of EC SOD in the skin tissue of TPA-treated wild-type mice and 
EC SOD-overexpressed mice. 
20 A: the skin tissue of wild-type mice; 

B: the skin tissue of EC SOD-overexpressed mice; 

e: epidermal layer; d: dermal layer; arrow: follicular cell; 

size bar: lOOjim; and magnification: 100X 

FIG. 20 shows the results of microscopic observation for the skin tissue of 
2 5 TPA-treated wild-type mice and EC SOD-overexpressed mice 
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A, E: the skin tissue of acetone-treated wild-type mice; 
B 5 F: the skin tissue of TPA-treated wild-type mice; 

C, G: the skin tissue of acetone-treated EC SOD-overexpressed mice; 

D, H: the skin tissue of TPA-treated EC SOD-overexpressed mice; 
5 e: epidermal layer; d: dermal layer; 

size bar: 100 \im; magnification: A-D 100X, E-H 400X. 

FIG. 21 A is a graph showing the sum of epidermal thickness and dermal 
thickness of TPA-treated wild-type mice and EC SOD-overexpressed mice. 

FIG. 21B is a graph showing the epidermal thickness of TPA-treated wild- 
1 0 type mice and EC SOD-overexpressed mice. 

FIG. 22 shows the results of analysis for the expression of MMP1 and MMP2 
in TPA-treated keratinocyte HaCaT cells and EC SOD-overexpressed HaCaT cells. 

FIG. 23A shows the results of analysis for the expression of MMP1 and 
MMP2 in human fibroblasts according to treatment with a cell-transducing EC SOD 
15 fusion protein. 

FIG. 23B shows the results of analysis for the expression of MMP1 and 
MMP2 in human fibroblasts according to treatment with an EC SOD protein. 

BEST MODE FOR CARRYING OUT THE INVENTION 

20 Hereinafter, the present invention will be described in detail by way of the 

following examples. It is to be understood, however, that these examples are given 
for illustrative purpose only and are not intended to limit the scope of the present 
invention. 



25 



Example 1: Examination of distribution pattern of EC SOD in mouse skin 
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1-1) Examination of distribution pattern of EC SOD in mouse skin using 
immunohistochemical staining 

In order to examine the distribution of EC SOD in skin tissue, 
5 immunohistochemical staining was performed. The skin tissue taken from BALB/C 
mice (8 to 10-week-old, female, obtained from KRIBB, Taejon, Korea) was fixed in 
4% paraformaldehyde and prepared into a paraffin block by a known method. The 
paraffin block was treated with xylene to remove paraffin, and dehydrated by 
treatment with alcohol. To enhance an immune response, the tissue sample was then 

10 thermally treated in citric acid buffer at 121 °C for 10 minutes. Next, the tissue 
sample was treated with 3% hydrogen peroxide (H 2 0 2 ) to inhibit peroxidase, and 
reacted with a rabbit anti-mouse EC SOD antibody (primary antibody) diluted 1 :500, 
for 60 minutes. The rabbit anti-mouse EC. SOD antibody was obtained by injecting 
mouse EC SOD into rabbits to immunize the rabbits. The tissue sample reacted with 

15 the antibody was washed with 0.1M PBS and reacted with 200 |il of a biotin- 
conjugated goat anti-rabbit IgG-containing antibody (Universal LSAB 2 kit, Dako, 
Glostrup, Denmark) for 15 minutes. Also, pre-immune rabbit serum was used as a 
negative control group. After completion of the reaction, the tissue sample was 
washed with PBS, reacted with peroxidase-conjugated streptavidin, and color- 

2 0 developed with 3-amino-9-ethyl-carbazole (AEC, chromogen, Utah, USA), a substrate 
solution. The developed tissue sample was prepared into a test sample by a 
conventional method and observed under a microscope at a magnification of 400X. 

The test results revealed that EC SOD was distributed throughout the skin 
tissue. It was observed that EC SOD was widely distributed in the connective tissue 

25 of the dermal layer, and particularly, it was more strongly stained around the hair 
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follicles and blood vessels of the dermal layer. Also, EC SOD was strongly stained 
also in the cells of the epidermal layer, and thus, it was inferred that EC SOD of these 
region of skin would have the activity associated scavenging roles to reactive oxygen 
species (see FIG. 1). 

5 

1-2) Examination of expression pattern of EC SOD in mouse skin using 
Northern blot analysis 

The ear skin tissue of BALB/C mice in Example 1-1) was separated by 
cutting with surgical scissors and rinsed with Ca 2+ and Mg 2+ -free phosphate-buffered 

10 saline (pH 7.4). The skin* tissue was floated with the dermis side down on 0.5% 
trypsin (Gibco, Invitrogen Corporation, California, U.S.A) in PBS at 37 °C for 50 
minutes while the dermal layer faced downward. Then, the epidermal layer was 
separated from the dermal layer. 

Total RNA was isolated from each of the separated epidermal and dermal 

1 5 layers. 20 |ag of the extracted RNA was electorphoresed in formaldehyde-containing 
1.2% agarose gels, and the mRNA on the gel was transferred to a nylon membrane, 
after which the RNA attached to the membrane was crosslinked by UV. A 32 P- 
labeled cDNA probe of EC SOD was hybridized to the membrane at 65 °C. The 
cDNA of EC SOD was prepared by PCR-amplification using the pCRII TOPO vector 

20 (provided from professor Suh JG, College of Medicine, Hallym University) (Suh JG et 
al., Mol Cells. 30; 7(2), 204-7, 1997) containing a mouse skin EC SOD cDNA as a 
template and the following primers. The PCR amplification reaction consisted of the 
following: one cycle at 94 °C; 30 cycles of 30 sec at 94 °C, 30 sec at 55 °C, and 45 sec 
at 72.5 °C; and one cycle of 5 min at 72.5 °C. 

25 
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Sense primer (SEQ ID NO: 1): 
5'-ATG TTG GCC TTC TTG TTC-3' 
Anti-sense primer (SEQ ID NO: 2): 
5'-TTA AGT GGT CTT GCA CTC-3' 

5 

After completion of the hybridization, the membrane was washed and 
exposed to a film. The exposed film was developed to confirm mRNA, and analyzed 
with a molecular imager (Image Master-VDS, Phamacia Biotech). A significant 
difference between the test groups was assayed with Student's t-test 

1 o The results showed that the expression of EC SOD mRNA was about 7 times 

stronger in the dermal layer than in the epidermal layer (see FIG. 2). From the test 
results, it could be inferred that EC SOD is strongly expressed in the fibroblasts and 
endothelial cells of the dermal layer. From such results, it was suggested that EC 
SOD would protect the skin, and particularly, it would have high activity of protecting 

15 the dermal connective tissue from reactive oxygen species. 

1-3) Examination of expression pattern of EC SOD in mouse skin after 
irradiation with UV A 

In order to directly examine the role of EC SOD in the in vivo skin, the dorsal 
20 skin of mice was irradiated with UVA, the total RNA was isolated from the dorsal 
skin of mice at different time points after UVA irradiation and subjected to Northern 
blot analysis to investigate the effect of UVA irradiation on the expression pattern of 
EC SOD. 

The BALB/C mice were divided into each group of three animals. Theirs 
25 backs were shaved and after 24 hours, irradiated with different intensities of 
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UVA. The mice were irradiated at an intensity of 5kJ/m 2 and 25kJ/m 2 radiated at an 
intensity of by means of 6 UVA lamps (F24T12/BL/HO, National Biological 
corporation USA) emitting 9.7mw7cm 2 , respectively. A control group was not 
irradiated with UVA. 

5 The skin tissues were taken from UVA irradiated mice at indicated time 

points. From the separated skin tissue, total RNA was isolated and then subjected to 
Northern blot analysis in the same manner as in Example 1-2) to investigate the 
expression pattern of EC SOD mRNA. The amount of expressed mRNA was 
quantitatively analyzed using a molecular imager. As a loading control, GAPDH 
10 was used. 

The results were showed as mean ± standard deviation, and the expression 
level of each of the test groups was showed as a value relative to the expression level 
of the control group taken as 100%. Also, a significant difference between the 
control group and the test groups was assessed with Student's t-test 

15 As the result, the expression of EC SOD was not influenced by an UVA 

irradiation of 5 kJ/m 2 . However, when the mice were irradiated with UVA of 25 
kJ/m 2 , the expression of EC SOD was initially reduced, and 6 hours after the UV 
irradiation, reached a maximum point of 338 ± 7.2% (p<0.05), and then, 96 hours 
after the UV irradiation, showed a tendency to decrease (see FIG. 3). Thus, it could 

20 be found that the expression of EC SOD is controlled according to the intensity of 
UVA and the elapsed time after the UVA irradiation. From such results, it was 
inferred that EC SOD would perform a function of protecting the skin tissue from 
reactive oxygen species overproduced after UVA irradiation and changes caused 
thereby. 

25 
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1-4) Examination of expression pattern of EC SOD in mouse skin after 
irradiation with UVB 

The dorsal skin of mice was irradiated with UVB, and then, RNA was 
extracted from the irradiated skin at different time points and subjected to Northern 
5 blot analysis to investigate the effect of UVB irradiation on the expression pattern of 
EC SOD. According to the same method as described in Example 1-3), the BALB/C 
mice were divided into each groups of three animals, and then they were irradiated 
with 2kJ/m 2 , 8kJ/m 2 and 15kJ/m 2 , respectively, by means of 6 UVB lamps 
(FS24T12/UVB/HO, National Biological corporation, USA) emitting 

10 0.6mW/cm 2 . After the UV irradiation, the expression pattern of mRNA was 
examined in the same manner as in Example 1-2). 

As the result, when the mice were irradiated with 2kJ/m 2 of UVB, the 
expression of EC SOD mRNA was initially reduced to 73 ± 3% (p<0.05), but after 24 
hours, restored to the level of the control group. When the mice were irradiated with 

15 8 kJ/m 2 of UVB, the expression of EC SOD was increased to 212 ± 11% (p<0.05) 
after 48 hours. In the case of the irradiation at an intensity of 15 kJ/m 2 , the 
expression level of EC SOD was increased to 322 ± 15% (p<0.05) after 48 hours, 
which is the highest value (see FIG. 4). Accordingly, it could be found that the 
expression of EC SOD is influenced by the intensity of UVB and the elapsed time 

2 0 after UV irradiation. 

1-5) Examination of expression pattern of EC SOD in mouse skin after 
treatment with PUVA 

Mice were treated with PUVA which is widely used in clinical treatment. 
25 Then, RNA was isolated from the treated mice at the different time points and 
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subjected to Northern blot analysis to investigate the effect of PUVA treatment on the 
expression pattern of EC SOD. 

According to the same method as described in Example 1-3), two test groups 
each consisting of three BALB/C mice were applied with 100 pi of 8-MOP (0.2% 
5 (w/v) 8-methoxy psolaren, ICN Pharmaceuticals, Costa Mesa, USA) on their dorsal 
skin, and after one hour, irradiated with UVA at intensities of 5kJ/m 2 and 25kJ/m 2 , 
respectively, by means of the same UV lamps as used in Example 1-3). At this time, 
a control group was treated only with 0.2% (w/v) 8-MOP. After the UV irradiation, 
the expression pattern of EC SOD mRNA was examined in the same manner as in 

10 Example 1-2). 

As the result, in the case of the control group treated with 8-MOP only and in 
the case of the test group treated with 8-MOP followed by irradiation with 5 kJ/m 2 of 
UVA, there was no change in the expression level of EC SOD mRNA. In the case of 
the test group irradiated with 25kJ/m 2 of UVA, the expression level of EC SOD 

15 mRNA was increased slowly after the UV irradiation and reached 264 ± 4.5% 
(p<0.05) after 48 hours, indicating that the expression level of EC SOD was 
remarkably increased. 

From the above test results, it could be found that the expression pattern of 
EC SOD is influenced by the intensity of UV and the elapsed time after UV 

20 irradiation. Accordingly, it was inferred that EC SOD would have an association 
with the activity of protecting the skin from toxic reactive oxygen species produced 
either after UV irradiation or in an inflammatory reaction caused by UV. 



25 



Example 2: Change in reactive oxygen in mouse EC SOD-overexpressed cell 
line according to UV irradiation 
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EC SOD was overexpressed in mouse embryonic fibroblasts using a Tet off- 
MEF/3T3 inducible gene expression system (Clontech), a known gene expression 
system, after which the cells were irradiated with UV and measured for intracellular 
5 reactive oxygen. 

2-1) Construction of mouse EC SOD-overexpressed cell line 
Mouse EC SOD cDNA was inserted into the Sal I site of a TRE2 vector 
(Clontech), a control vector of a TET OFF system. The mouse EC SOD was 
10 prepared by PCR-amplification using pCRII TOPO vector (provided from professor 
Suh, JG, College of Medicine, Hallym University) containing mouse EC SOD cDNA 
as a template with the following primers. The PCR amplification reaction consisted 
of the following: one cycle at 94 °C; 30 cycles of 30 sec at 94 °C, 30 sec at 55 °C, and 
45 sec at 72.5 °C; and one cycle of 5 min at 72.5 °C. 

15 

Sense primer (SEQ ID NO: 3): 

5'-AGT CTC GAG ATG TTG GCC TTC TTG TTC TAC GGC-3' 

Anti-sense primer (SEQ ID NO: 4) 

5'-GATC CTC GAG TGG TCT TGC ACT CGC TCT-3' 

20 

The prepared vector and a hygromycin-resistant sequence-containing pTG76 
plasmid (University of Geneva Medical School, Geneva, Switzerland) were 
introduced into mouse embryonic fibroblasts (Clontech), a MEF3T3/TET OFF cell 
line, using lipofectin (Invitrogen). Then, the cells were cultured in a medium 
2 5 containing 1 00 |ig/mL hygromycin, and only resistant colonies were selected. Of the 
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colonies, a cell line overexpressing the EC SOD upon the removal of tetracycline was 
constructed. Namely, the colonies were cultured in a DMEM medium containing 
10% TET-free FBS (Clontech), L-glutamine, 5000 UI/L penicillin streptomycin, 100 
\xg/mL G418, 100 ^ig/mL hygromycin and 2ng/mL tetracycline and then tetracycline 
5 was removed in order to overexpress EC SOD. The removal of tetracycline was 
performed by culturing the cells in a fresh medium free of tetracycline. The cells 
were cultured in the fresh medium for 48 hours so as to induce the overexpression of 
EC SOD and measured for the expression level and activity of EC SOD. The 
expression level of EC SOD was measured by Northern blot analysis in the same 

10 manner as in Example 1-2), and the activity of EC SOD was analyzed by adding 20 jxl 
of the medium sample and 10 \d of xanthine oxidase (SIGMA) to 3 ml of 50mM 
sodium carbonate buffer (containing 0.1 mM cytochrome C, and 0.5 mM xanthine, pH 
10.0) and then measuring the absorbance at 550nm. 

In the result, when tetracycline was removed, the expression and activity of 

15 EC SOD mRNA showed a tendency to increase with the passage of time. Thus, a cell 
line overexpressing the mouse EC SOD could be constructed. 

2-2) Measurement of reactive oxygen in mouse EC SOD-overexpressed cell 
line after UV irradiation 

2 0 The mouse EC SOD-overexpressed cell line constructed in Example 2- 1 ) was 

irradiated with UV and then measured for the amount of reactive oxygen. Before the 
UV irradiation, the media were removed and the mouse EC SOD-overexpressed cell 
was washed two times with PBS (pH 7.4), and irradiated with UV in the presence of 
PBS. The UV irradiation was performed by irradiating the cell line with 10 J/cm 2 of 

25 UVA by means of an UVA lamp emitting 27 mW/cm 2 , and irradiating the cell line 
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with 20mJ/cm 2 of UVB by means of three UVB lamps emitting 1.15 mW/cm 2 . The 
PUVA treatment was performed by treating the cell line with 0.1% 8-MOP and, after 
30 minutes, washing the treated cell line with PBS two times and irradiating with 
2J/cm 2 ofUVA. 

5 After irradiating the cells with UV as described above, the cells were 

sampled at different time points and reacted with 10 HE (dihydroethyidium) at 37 
°C for 20 minutes. The resulting sample was washed with PBS containing l%(w/v) 
BSA and 0.1%(w/v) NaN3 and was analyzed with a flow cytometer. A value 
measured with the flow cytometer was showed as a value relative to the reactive 

10 oxygen species amount of the control group taken as 1. As the control group, a cell 
line which has not been irradiated with UV was used. 

The results showed that, when the mouse EC SOD-overexpressed cell line 
was irradiated with 10J/cm 2 of UVA, the amount of reactive oxygen species was 
reduced continuously for 6 hours after the UV irradiation (see FIG. 7A). Also, when 

15 the EC SOD-overexpressed cell line was irradiated with 20mJ/cm 2 of UVB, the 
concentration of reactive oxygen species was about 60% reduced one hour after the 
UV irradiation as compared to the control cell line (see FIG. 7B). Also, when the EC 
SOD-overexpresed cell line was treated with PUVA, the amount of intracellular 
reactive oxygen was dramatically reduced as compared to the EC SOD- 

2 0 nonoverexpressed cell line (see FIG. 7C). 

From the above results, it could be found that EC SOD not only functions in 
serum and extracellular matrices but also has the activity of effectively reducing the 
concentration of reactive oxygen species in cells. 
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Example 3: Effect of UV irradiation on cell death in human EC SOD- 
overexpressed cell line 

3- 1 ) Construction of human EC SOD-overexpressed cell line 
5 In order to examine a change in reactive oxygen in a human EC SOD- 

overexpressed cell line according to UV irradiation, a human EC SOD-expressed cell 
line was constructed. For this purpose, human EC SOD cDNA was first inserted into 
the Xbal and EcoRI sites of pcDNA 3.1/myc-His(A) (Invitrogen). The human EC 
SOD cDNA was prepared by PCR-amplification using pUC18-hEC SOD vector 
10 (provided from professor Marklund, Clinical chemistry, Sweden) (Karin Hjalmarsson, 
Proc Natl Acad Sci USA Vol.84, 6340-4, 1987) containing an human EC SOD cDNA 
as a template with the following primers. The PCR amplification reaction consisted 
of the following: one cycle of 4 min at 98 °C; 30 cycles of 30 sec at 98 °C, 30 sec at 
55 °C, and 45 sec at 72 °C; and one cycle of 5 min of 72 °C. 

15 

Sense primer (SEQ ID NO: 5): 

5'-ATC TCT AGA ATG CTG GCG CTA CTG TGT-3' 
Anti-sense primer (SEQ ID NO: 6) 

5'-ATC GAA TCC TCA GGC GGC CTT GCA CTC GCT CTC -3' 

20 

The resulting PCR product was separated by agarose gel electrophoresis, 
treated with Xbal and EcoRI enzymes, and the resulting product inserted into a 
pcDNA 3.1/myc-His(A) vector (see FIG. 8). The resulting plasmid was transformed 
into HaCaT cells (provided from Professor N.E. Fusenig, The University of 
25 Heidelberg, Germany), a human keratinocyte cell line, using lipofectin (Invitrogen). 
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Then, the transformed cells were cultured in a 500 jig/ml neomycin (Gibco)- 
containing media, and only resistant colonies were selected, thus constructing an EC 
SOD-overexpressed cell line. 

In order to confirm the overexpression of EC SOD in the cells, Western blot 
5 analysis was performed. The EC SOD-overexpressed cell line was reacted with PBS 
containing 1% NP-40, 0.1% SDS and protease inhibitor, followed by centrifugation, 
and the supernatant was collected, thus extracting a protein from the EC SOD- 
overexpressed cell line. The extracted protein was subjected to 15% SDS-PAGE, 
moved to a nitrocellulose membrane, and blocked with 5% non-fat milk/TBS-0.1% 

10 Tween 20 solution for 1 hour. Thereafter, the resulting protein was reacted with a 
HIS antibody (Santa Cruz) diluted 200:1, for one hour, and washed three times with 
TBS-0.1% Tween 20 solution. Next, the reaction material was reacted with 
peroxidase-conjugated anti-rabbit IgG for 1 hour and washed three times, after which 
the expression of EC SOD was examined with an ECL kit (Amersham Bioscience). 

1 5 Also, a protein of a non-transformed HaCaT cell line was used as a negative control. 

The results showed that, in the negative control HaCaT cell line, the 
histidine-bound EC SOD was not detected, but in the cell line transformed with the 
EC SOD cDNA-containing plasmid, the histidine-bound EC SOD was detected, thus 
indicating that EC SOD was overexpressed in the transformed cell line (see FIG. 9). 

20 

3-2) Measurement of cell death in human EC SOD-overexpressed cell line 
after UV irradiation 

The human EC SOD-overexpressed cell line constructed in Example 3-1) 
was UV-irradiated and then measured for the amount of reactive oxygen species. 
25 Before the UV irradiation, the media were removed and human EC SOD- 
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overexpressed cell line was washed twice with PBS (pH 7.4), and irradiated with 
UVB in the presence of PBS. The UV irradiation was performed by irradiating the 
cell line with each of 10, 20 and 30 mJ/cm 2 of UVB by means of three UVB lamps 
emitting 1.15mW/cm 2 . After 24 hours, cells were sampled, washed with PBS (pH 
5 7.4), and fixed in 80% ethanol. The cells were precipitated by centrifugation, 
washed with PBS (pH7.4), suspended in 1 ml PBS (pH 7.4), and reacted with 4 ml of 
permeabilization solution (0.5% Tripton X-100, 200 ug/ml RNase A, 10 ug/ml 
propidium iodide) for 15 minutes. Cell cycle analysis was performed with a flow 
cytometer, and apoptototic cells (Sub Gl) were showed as percentage. At this time, 
10 a HaCaT cell line which has not been transformed was used as a negative control 
group. 

In the result, when UVB was irradiated at an intensity of 10mJ/cm 2 , the 
percentage of apoptototic cells did not show a great difference between the control 
group cell line and the EC SOD-overexpressed cell line. However, when UVB was 
15 irradiated at intensities of 20 and 30mJ/cm 2 , the percentage of apoptototic cells was 
significantly lower in the EC SOD-overexpressed cell line than in the control group 
(see FIG. 10). 

From the above results, it could be found that the overexpression of EC SOD 
can reduce cell death caused by UV in the human keratinocyte cell line. This 
2 0 suggests that the overexpression of EC SOD can protect skin cells from UV damages. 

Example 4: Preparation of cell-transducine human EC SO D fusion protein 

4-1) Preparation of TAT-EC SOD fusion protein, R9-EC SOD fusion protein 
2 5 and K10-EC SOD fusion protein expression vectors 
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Fusion proteins where a human EC SOD protein had been fused to protein 
transduction domains, a HTV-1 Tat (RKKRRQRRR), an oligopeptide consisting of 9 
arginine residues, and an oligopeptide consisting of 10 lysine residues respectively, 
were prepared. Also, a fusion protein where a AHD/EC SOD protein deleted a 
5 heparin domain from the EC SOD had been fused to HTV- 1 Tat was prepared. 

For this purpose, human EC SOD and AHD/EC SOD cDNAs were first 
prepared. The human EC SOD c DNA was prepared by PCR-amplification using 
pUC18-hEC SOD vector (provided from professor Marklund, Clinical chemistry, 
Sweden) containing a human EC SOD cDNA as a template and the following primers 
10 (SEQ ID NO: 7 and SEQ ID NO: 8). The PCR amplification reaction consisted of 
the following: one cycle of 4 min at 98 °C ; 30 cycles of 30 sec at 98 °C , 30 sec at 55 
°C , and 45 sec at 72 °C ; and one cycle of 5 min at 72 °C. 

Sense primer (SEQ ID NO: 7): 
15 5'-GAT CCT CGA GTG GAC GGG CGA GGA CTC GGC-3' 

Anti-sense primer (SEQ ID NO: 8): 

5'-GAT CCT CGA GTC AGG CGG CCT TGC ACT CGC T-3' 

In the case of the AHD/EC SOD deleted a heparin domain from the EC SOD, 
20 PCR amplification was performed under the same conditions as described above 
except that the following primers (SEQ ID NO: 9 and SEQ ID NO: 10) were used. 

Sense primer (SEQ ID NO: 9): 

5'-GAT CCT CGA GTG GAC GGG CGA GGA CTC GGC-3' 
2 5 Anti-sense primer (SEQ ID NO: 10) 
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5'-AAT GCT CGA GTC ACT CTG AGT GCT CCC GCG C-3' 

The resulting PCR products were separated by agarose gel electrophoresis 
and treated with Xhol enzyme. Each of the enzyme-treated mature EC SOD cDNA 
5 and mature AHD/EC SOD cDNA was inserted into the Xhol site of a pETl 5(b)-TAT 
vector (provided from professor Choi SY, Department of Genetic Engineering, 
Hallym University) containing the fundamental domain of HTV-1 Tat (amino acid 
residues 49-57: RKKRRQRRR) (Park et A^JGen Virol 83:1173-1181, 2002), thus 
preparing the respective expression vectors. Also, the enzyme-treated mature EC 

10 SOD cDNA was inserted into the Xhol site of each of a pET15(b)-R9 vector 
(provided from professor Choi SY, Department of Genetic Engineering, Hallym 
University) containing an oligopeptide consisting of 9 arginine residues (Ryu et al., 
Mol Cells, 16:385-391, 2003) and a pET15(b)-K10 vector (provided from professor 
Choi SY, Department of Genetic Engineering, Hallym University) containing an 

15 oligopeptide consiting of 10 lysine residues, thus preparing the respective expression 
vectors (see FIG. 11). 

4-2) Transformation of E. coli and expression of fusion protein 
E coli BL21 (DE3) (Novagen) was transformed with each of the expression 
2 0 vectors prepared in Example 4-1) by a heat shock method. Then, the transformed E. 
coli strain was inoculated in 250 ml of an ampicillin-containing LB medium and 
cultured at 37 °C to an A 6 oo of 0.8 while stirring at 200 rpm. The culture solution 
was added with IPTG (ImM) and further cultured so as to induce the overexpression 
of the EC SOD fusion protein. 
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4-3) Purification of fusion proteins 

The cells cultured in Example 4-2) were collected by centrifugation, 
suspended in binding buffer (5 mM imidazole, 0.5 M NaCl, 20 mM Tris-HCl, 6 M 
urea, pH 7.9), and disrupted by sonication. Since each of the fusion proteins contains 
5 6 histidines at the N-terminal end, it can be purified with a very high purity of about 
90% by immobilized metal-chelate affinity chromatography. For this reason, the cell 
disruption solution was centrifuged, and the collected supernatant was immediately 
loaded into a 2.5ml Ni 2+ -nitrilotriacetic acid sepharose column and washed with a ten- 
fold volume of binding buffer and a six-fold volume of washing buffer (30 mM 

10 imidazole, 0.5 M NaCl, 20 mM Tris-HCl, (pH 7.9)), after which the fusion protein 
was eluted with elution buffer (1 M imidazole, 0.5 M NaCl, 20 mM Tris-HCl, 
(pH7.9)). Next, fractions containing each of the fusion proteins were collected and 
desalted by performing Sephadex G-25 column (PD 10 column, Amersham Biotech) 
chromatography. The purified TAT-EC SOD fusion protein, TAT-AHD/EC SOD 

15 fusion protein, K10-EC SOD fusion protein and R9-EC SOD fusion protein were 
identified by electrophoresis (see FIGS. 12 and 13). The amino acid sequences and 
base sequences of the TAT-EC SOD fusion protein, the TAT-AHD/EC SOD fusion 
protein, the K10-EC SOD fusion protein and the R9-EC SOD fusion protein are as 
shown in SEQ ID NO: 12 to SEQ ID NO: 19. 

20 

4-4) Examination of cell-transduction ability of fusion proteins 
The cell-transduction ability of the inventive TAT-EC SOD fusion protein, 
TAT-AHD/EC SOD fusion protein, K10-EC SOD fusion protein and R9-EC SOD 
fusion protein was examined using a human keratinocyte cell line. Namely, HaCaT 
25 cells were seeded onto a slide chamber, and after 24 hours, treated with the EC SOD 
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fusion proteins prepared according to the present invention, at concentrations of each 
of 0, 1, 2 and 4 yM. After 3 hours, the resulting substance was fixed in 3.7% 
formaldehyde/PBS (pH 7.4) for 10 minutes and incubated with 0.1% triton X- 
100/PBS for 10 minutes to make them permeable. Then, it was blocked with 2% 
5 (v/v) FCS/PBS at ambient temperature for one hour, reacted with HIS antibody/2% 
FCS/PBS/PBS (Santacruz, USA) diluted 100:1, for 1 hour, and washed three times 
with 2% FBS/PBS. The resulting substance was reacted with FITC-conjugated IgG 
(Serotec) diluted 50:1, for 1 hour. The reaction substance was reacted with 1 jig/ml 
PI for 15 minutes and washed three times with 2% FBP/PBS. Then, it was mounted 

10 and observed with a confocal microscopy. As a negative control group, an EC SOD 
protein which has not been fused with the protein transduction domain was used. 

Also, from the HaCaT cells treated with the TAT-EC SOD fusion protein or 
the TAT-AHD/EC SOD fusion protein, a protein was extracted and subjected to 
Western blot analysis using the HIS antibody. The intensity of the analyzed bands 

15 was quantified and showed as percentage relative to the control group EC SOD 
protein to which the transduction domain has not been fused. Furthermore, the cell 
penetration efficiencies of the K10-EC SOD fusion protein and the R9-EC SOD 
fusion protein were analyzed by Western blot analysis and showed as percentage 
relative to the cell transduction efficiency of the TAT-EC SOD fusion protein. 

20 The results showed that the negative control group could not penetrate into 

the cells, whereas the TAT-EC SOD fusion protein effectively transduced into the 
cells so that it was located within the cytoplasm. Also, the TAT-AHD/EC SOD 
fusion protein transduced into the cells so that it was located within the cytoplasm (see 
FIG. 14). 
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Moreover, the results of calculation of cell penetration rate showed that the 
cell transduction efficiencies of the TAT-EC SOD fusion protein and the TAT- 
AHD/EC SOD fusion protein were increased with an increase by concentration 
dependent manner with the fusion protein, and the cell transduction efficiency of the 
5 TAT-EC SOD fusion protein was higher than that of the TAT-AHD/EC SOD fusion 
protein (see FIG. 15). 

Also, the R9-hEC SOD fusion protein where an oligopeptide consisting of 9 
arginine residues has been fused to EC SOD showed the highest transduction 
efficiency. Next to the R9-hEC SOD fusion protein, the cell transduction efficiency 
10 was higher in the order of the KlO-hEC SOD fusion protein having an oligopeptide 
consisting of 10 lysine residues fused to hEC SOD, and the TAT-EC SOD fusion 
protein (see Table 1). 



Table 1: Cell transduction efficiency of EC SOD fusion protein 



EC SOD fusion protein 


transduction efficiency (%) 


TAT-hEC SOD 


100 


R9-hEC SOD 


160 


KlO-hEC SOD 


150 



15 

4-5) Preparation of PEP-l-EC SOD fusion protein 

A fusion protein having a protein transduction domain PEP-1 peptide 
(KETWWETWWTEWSQPKKKRKV) fused to a human EC SOD protein was 
prepared. Also, a fusion protein where a AHD/EC SOD having a deletion of a 
2 0 heparin domain in the EC SOD has been fused to a PEP-1 peptide was prepared. 
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For this purpose, the TAT-EC SOD expression vector or TAT-AHD/EC SOD 
expression vector prepared in Example 4-1) was cut with the Ndel-Xhol restriction 
enzyme, into which a PEP-1 peptide was then inserted, thus preparing PEP1-EC SOD 
and PEP1-AHD/EC SOD expression vectors. A double-strand oligonucleotide which 
5 had been artificially made of the following primer set was ligated to each of the 
expression vectors (see FIG. 16). 

Sense primer (SEQ ID NO: 20): 

5'-TATGAAAGAAACCTGGTGGGAAACCTGGTGGACCGAATGGTC 
10 TCAGCCGAAAAAAAAACGTAAAGTG C-3' 

Anti-sense primer (SEQ ID NO: 21): 

5'-TCGABCACTTTACGTTTTTTTTTCGGCTGAGACCATTCGGTCCA 
CC AGGTTTCCCACC AGGTTTCTTTCC-3 ' 

15 The prepared expression vectors were expressed and purified in the same 

manner as in Examples 4-2) and 4-3). The amino acid sequences and base sequences 
of the PEP-l-EC SOD fusion protein and the PEP-1-AHD/EC SOD fusion protein are 
as shown in SEQ ID NO: 22 to SEQ ID NO: 25. 

20 4-6) Examination of cell-transduction ability of PEP-l-EC SOD fusion 

protein 

The cell-transduction ability of the inventive PEP-l-EC SOD fusion protein 
purified in Example 4-5) was examined using a HeLa cell line (provided from 
professor Soo Young Choi, Department of Genetic Engineering, Hallym University), 
25 a human breast cancer cell line. Namely, the HeLa cells were seeded onto a slide 
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chamber, and after 24 hours, treated with 1 |iM of each of the inventive PEP-l-EC 
SOD fusion protein and an EC SOD protein as a negative control group. After one 
hour, the cells were fixed in 3.7% formaldehyde/PBS (pH 7.4) at room temperature 
for 10 minutes, and reacted with 0.1% Triton X-100/PBS for 10 minutes so as to make 
5 them permeable. The cells were blocked with 2% (v/v) FCS/PBS at room 
temperature for one hour, and reacted with HIS antibody/2% FCS/PBS/PBS 
(Santacruz, USA) diluted 400:1, for 1 hour, followed by washing three times with 2% 
FBS/PBS. Then, the cells were treated with Cy3-conjugated rabbit IgG (Molecular 
Probe Co) diluted 100:1, for one hour, followed by washing three times with 2% 

10 FBP/PBS. The reaction substances were mounted and observed with a fluorescent 
microscope. As the negative control group, an EC SOD protein to which the protein 
transduction domain has not been fused was used. 

The results showed that the negative control group did not transduce into the 
cells (see A of FIG. 17), whereas the PEP-l-EC SOD fusion protein transduced into 

15 the cells so that it was located within the cytoplasm (see B of FIG. 1 7). 

Example 5: Therapeutic effect of EC SOD and cell-transducing EC SOD 
fusion protein in skin disease models with TPA 

20 5-1) Examination of expression of EC SOD in skin tissue of TPA-treated 

wild-type mice and EC SOD-overexpressed mice 

Wild-type mice and EC SOD-overexpressed mice were treated with TPA, 
and the expression pattern of EC SOD in the skin tissue of the mice was examined by 
immunohistochemical staining. 
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For this purpose, EC SOD-overexpressed transgenic mice were constructed. 
As test animals, hybrid mice ((C57BL/6 X CBA)F1) purchased from KRIBB, Korea, 
were used. To induce superovulation, 5 IU of PMSG (pregnant mare's serum 
gonadotropin) and 5 IU of hCG (human chronic gonadotropin) were injected into the 
5 abdominal cavity of female mice at an interval of 48 hours, and then mated with male 
mice of the same family line at 1:1. Next day morning, the presence or absence of a 
vaginal plug was observed, and only an individual with the vaginal plug was 
butchered from which an oviduct was taken. From the oviduct ampulla, embryos 
were collected. As culture medium, 0.4% BSA-containing M16 culture medium was 
10 used. 

In order to make mice where the skin tissue-overexpression of EC SOD had 
been induced, the mouse EC SOD cDNA of the mouse EC SOD cDNA-containing 
pCRII TOPO vector as described in Example 2-1) was cut with a restriction enzyme 
and inserted into a pBS KS vector containing a human keratin K14 promoter. Also, 

15 the vector, was inserted with chicken ovalbumin poly (A) to induce the effective 
expression in vitro. In order to inject DNA into the embryos, the expression vector 
was cut with restriction enzymes Hind and Xhol (FIG. 18). The restriction enzymes- 
cut DNA was electrophoresed on 1% agarose gel, recovered by dialysis, and isolated 
and purified with phenol-chloroform. It was dialyzed in 10 mM Tris (pH 7.4)/ 0.2 

20 mM EDTA) to a final concentration of 4 ng/^l. The foreign gene-containing DNA 
solution was injected into the pronuclei of one-cell-stage embryos. The foreign 
gene-injected embryos were cultured to the two-cell stage, and cultured healthy 
embryos were selected. Female ICR mice in heat were mated with male mice, and 
next day, the presence or absence of a vaginal plug was observed, and a mouse with 

25 the vaginal plug was used as a surrogate mother. About 15-20 embryos well grown 
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to the two-cell stage were collected and transplanted into the oviduct ampulla of the 
pseudopregnant recipients, after which a muscular layer and an epidermal layer were 
sutured to each other. After the transplantation, born animals were grown for about 3 
weeks. Next, their tail was cut about 1 cm, treated with lysis buffer at 55 °C and 
5 extracted genomic DNA with phenol. The genomic DNA was PCR-amplified with 
the following primer set so that whether it had been transformed or not was examined. 
The PCR amplification reaction consisted of the following: one cycle at 94 °C; 30 
cycles of 30 sec at 94 °C, 30 sec at 51 °C, and 45 sec at 72.5 °C; and one cycle of 5 
minat72.5 °C. 

10 

Sense primer (SEQ ID NO: 26): 
5'-TTG TCT CTA ATA GAG GGT C-3' 
Anti-sense primer (SEQ ID NO: 27): 
5'-TCA AGC CTG TCT ATC TTC T-3\ 

15 

The transgenic mice as described above and wild-type mice were treated with 
TPA by a known method, double TPA treatment (Zhaorigetu et al., Oncology Rep 
10:537-534, 2003). At two days before the TPA treatment, the dorsal hairs of 10- 
week-old female mice were shaved with an electric razor for animals. Then, a 

2 0 solution of 8.1 nmol of TPA (Sigma Co., USA) in 200 |il of acetone was treated on 
the shaved skin tissue for two consecutive days, at interval of 24. For a control 
group, only 200 yl acetone was treated on the skin tissue in the same times. At one 
hour after the last TPA treatment, the skin tissue of the mice was separated and fixed 
in 4% paraformaldehyde, dehydrated with ethyl alcohol, and embedded in paraffin. 

2 5 After cutting the skin tissue with a microtome at an interval of 5 |nm, the skin tissue 
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sample was attached to slide glass. This tissue sample was treated with xylene to 
remove paraffin, dehydrated with ethyl alcohol, treated with 0.3% Triton X-100 to 
increase the penetrability of the solution, and treated with 3% H 2 0 2 to inhibit 
peroxidase contained in the cells. Next, 10% goat serum was added to block the 
5 reaction and treated with an EC SOD polyclonal antibody diluted 1:50. After 
completion of the reaction, the tissue was color-developed with a DAKO LSAB kit 
(peroxidase universal, DAKO Co.) by DAB (diaminobenzidine) reaction. The 
developed tissue sample was prepared into a sample by a conventional method and 
observed under a microscope at a magnification of 100X. 

1 0 From the results, it could be found that, when the wild-type mice were treated 

with TPA, EC SOD would be expressed throughout the skin tissue of the treated mice. 
Also in case of the transgenic mice, EC SOD was expressed throughout the skin tissue. 
Particularly in the case of the transgenic mice, it was observed that EC SOD was 
strongly expressed in the epidermal and follicular tissues, indicating that EC SOD was 

1 5 overexpressed in the skin tissue of the transgenic animals as compared to the wild type 
mice (FIG. 19). 

5-2) Observation and thickness measurement of skin tissue of wild-type mice 
and EC SOD-overexpressed mice treated with TPA 
2 0 According to the same method as described in Example 5-1), wild-type mice 

and EC SOD-overexpressed mice were treated with TPA and, after one hour, the 
mouse skin tissue was separated, fixed, dehydrated with ethyl alcohol, and embedded 
in paraffin. Then, it was cut with a microtome at an interval of 5 pm, and the skin 
tissue sample was attached to slide glass. The tissue sample was treated with xylene 
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to remove paraffin, dehydrated with ethyl alcohol, stained with hematoxylin and eosin, 
mounted, and observed with a microscope. 

Also, various randomly selected areas of each of the wild-type mice and EC 
SOD-overexpressed mice treated with TPA and the control group mice treated with 
5 acetone were imaged with an image capture system, after which the sum of thickness 
of epidermis and dermis, and the thickness of only epidermis, were measured with a 
rule. 

The results showed that the epidermal thickness and dermal thickness of the 
wild-type mice treated with TPA were increased than those of the wild-type mice 

10 treated only with acetone without TPA treatment. Also, in the transgenic mice 
treated with TPA, the abnormal outgrowth of epidermis was observed as compared to 
the control group transgenic mice but was very negligible (FIG. 20). 

It could be found that the sum of epidermal thickness and dermal thickness 
and only the epidermal thickness in the wild-type mice treated with TPA were 2.1 

15 times and 1.4 times increased, respectively, than those of the control group mice 
treated with acetone, indicating there was a definite difference between the wild-type 
mice and the control group mice (FIG. 21A). On the other hand, the sum of 
epidermal thickness and dermal thickness and only the epidermal thickness in the EC 
SOD-overexpressed mice treated with TPA were 1.1 times increased than those of the 

20 control group mice treated with acetone, indicating there was a slight difference 
between the wild-type mice and the control group mice (FIG. 2 IB). 

From the above test results, it could be found that a change in the thickness of 
the skin tissue caused by TPA can be inhibited by EC SOD. Accordingly, EC SOD 
can be used for the treatment of chronic inflammatory skin diseases characterized by 

25 the growth of epithelium, particularly epidermal hyperplasia. 
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5-3) Change in expression of MMP in EC SOD-expressed cells treated with 

TPA 

Human keratinocyte HaCaT cells into which the human EC SOD 
5 overexpression vector had been introduced were treated with TPA, and the expression 
of MMP in the cells was analyzed by RT-PCR. 

For this purpose, the HaCaT cells into which the human EC SOD 
overexpression vector of example 3-1) had been introduced were treated with 100 nM 
TPA. After the TPA treatment, the cells were cultured for 1 hour at 37 °C, and the 

10 total RNA of the cultured cells was extracted using trizol solution (GibcoBRL). 10 
^ig of the total RNA, as a template, was subjected to reverse transcription with a 
reverse transcription system (Promega Co,) so as to obtain cDNA. The cDNA was 
PCR-amplified with a primer set shown in Table 2 below, and the amplified DNA was 
developed on 1.5% (w/v) agarose gel (containing 0.002% ethidium bromide) for 15 

15 minutes. The amplification of the DNA was observed under UV, after which the 
intensity of the amplified DNA band was measured. GAPDH was used as an 
internal control group, and the measured intensity of the DNA band was showed as a 
value relative to the intensity of GAPDH taken as 1 .0. 

2 0 Table 2: Primers used in RT-PCR for analysis of MMP expression 



Primer 


Sequence 


SEQIDNO 


Human MMP1 sense primer 


5'-ATCTACAGCTCCTTTGGTCTT-3' 


28 


Human MMP1 anti-sense primer 


5'-ATCTACAGCTCCTTTGGCTT-3' 


29 


Human MMP2 sense primer 


S'-AACCCTCAGAGCCACCCCTA-S' 


30 


Human MMP2 anti-sense primer 


5'-GTGCATACAAAGCAAACTGC-3' 


31 
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GAPDH sense primer 


5'-CATCTTCCAGGAGCGAGACC-3' 


32 


GAPDH anti-sense primer 


S'-TCCACCACCCTGTTGCTGTA-S' 


33 



The results showed that the expression of MMP1 in the EC SOD- 
overexpressed HaCaT cells without TPA treatment was reduced as compared to the 
wild-type HaCaT cells. Meanwhile, the expression of MMP1 in the wild-type cells 
5 one hour after the TPA treatment was remarkably increased, but the expression of 
MMP1 in the EC SOD-overexpressed cells was the same level as that of without 
TPA treatment. 

A group of without TPA treatment, the expression of MMP2 was slightly 
lower in the EC SOD-overexpressed cells than in the wild-type cells. After the TPA 
10 treatment, the expression of MMP2 in the wild-type cells was remarkably increased, 
but in the EC SOD-overexpressed cells, it was similar to that before the TPA 
treatment (FIG. 22). 

The above results suggest that EC SOD can inhibit the expression of MMP 
by TPA, thus inhibiting sking aging. 

15 

5-4) Change in expression of MMP in human fibroblasts according to 
treatment with human EC SOD protein and cell-transducing EC SOD fusion protein 

It is known that MMPs which control the change of extracellualr matrices in 
tissue are mostly expressed in human fibroblasts. For this reason, human fibroblasts 
20 were treated with each of the EC SOD protein and the cell-transducing EC SOD 
fusion protein, and a change in the expression of MMP according to the treatment was 
examined. 
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Human fibroblasts were treated with 1 jaM of each of the human EC SOD 
protein and the purified TAT-AHD/EC SOD fusion protein prepared in Example 4-3) 
and then with 100 nM TP A, and cultured at 37 °C for 1 hour. The cells were 
collected, and the expression levels of MMP1 and MMP2 were measured by 
5 performing RT-PCR in the same manner as in Example 5-3). A control group was 
not treated with TP A. The intensity of DNA band of each test group treated with 
TPA was expressed as a value relative to the DNA band strength of the control group 
taken as 1.0. 

The human EC SOD protein was prepared by transforming E. coli with the 
10 human EC SOD expression vector prepared in Example 3-1) and expressing and 
purifying the vector in E. coli in the same manners as in Example 4-2) and Example 4- 
3). 

The results showed that when the human fibroblasts were treated with TPA, 
the expression of MMP1 and MMP2 was increased. On the other hand, when the 
15 human fibroblasts were treated with either the TAT-AHD/EC SOD fusion protein or 
the EC SOD protein and then with TPA, the expression of MMP1 and MMP2 was 
inhibited (FIGS. 23A and 23B). 

From the above results, it could be found that the TAT-AHD/EC SOD fusion 
protein or the EC SOD protein has the activity of inhibiting the expression of MPP 
2 0 enzymes induced by TPA, and the activity can be further increased by imparting cell- 
transduction ability to the EC SOD protein. 

Example 6: Inhibition of degranulation of mast cells according to treatment 
with EC SOD protein 

25 
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Mast cells were treated with the inventive EC SOD protein, and the inhibition 
of degranulation of the mast cells according to the protein treatment was examined. 
For this purpose, bone marrow cells collected from BALB/C mice were cultured in 
50% nutrient medium (RPMI 1640 containing 100 unit/ml penicillin, 100 mg/ml 
.5 streptomycin, 10 mg/ml gentamicin, 2 mM L-glutamine, 0.1 mM non-essential amino 
acids, 10% bovine fetal serum) and 50% WEHI-3 cell preservation medium for at 
least 3 weeks so as to obtain BMMC (bone marrow-derived mast cells) which are 
more than 95% homogeneous. 1 X 10 6 cells/ml of the BMMCs were added with 1 
|ig/ml or 10 jig/ml of the human EC SOD protein and cultured for 30 minutes. The 

10 culture solution was reacted with KL/LPS/IL-lp for 30 minutes, and the culture 
supernatant and the cell lysate were collected. 25 |il of each of the supernatant and 
the cell lysate were reacted with p-nitrophenyl-2-acetamido-2-dioxy-b-D- 
glucopyranoside (Sigma Co. USA) as a substrate. The reaction material was added 
with 0.2M glycine-NaOH (pH 10.7) to stop the reaction, and measured for enzyme 

1 5 activity using a spectrophotometer at 41 0 nm to examine the inhibition of release of P- 
hexosamidase. Also, a control group was treated with PBS. The inhibition of 
enzyme activity (%) was showed as percentage relative to the release of p- 
hexosamidase in the PBS-treated control group taken as 1 00%. 

20 Inhibition of enzyme activity (%) = (release of p-hexosamidase in EC SOD- 

treated test group/release of p-hexosamidase in PBS-treated control group) X 100 

In the results, the BMMC test groups treated with 1 |ag/ml or 10 jig/ml of EC 
SOD showed enzyme activity inhibitions of 9.87% and 11.97%, respectively, relative 
25 to the control group (Table 3). Thus, it could be found that EC SOD has the effect of 
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inhibiting the degranulation of mast cells so that it can treat allergic skin diseases such 
as atopy. 

Table 3: Inhibition of degranulation of mast cells according to treatment with EC SOD 
5 protein 





A405 a) 


Release of P- 
hexosamidase 


Enzyme activity 
Inhibition (%) 


Control group (treated with PBS) 


0.111 + 0.010 


18.38 


100 


EC SOD 


10 ug/ml 


0.100 ±0.008 


16.57 


9.87 


1 ug/ml 


0.098 ±0.009 


16.18 


11.97 


Total p-hexosamidase activity 


0.606 ±0.077 


100 





a : n=3, mean ± standard deviation 



INDUSTRIAL APPLICABILITY 

As described above, the EC SOD protein according to the present invention 
10 is distributed throughout the skin tissue while it has the effects of removing reactive 
oxygen species in skin cells and inhibiting the overgrowth of epidermal cells, the 
expression of MMP and the degranulation of mast cells. Thus, the inventive EC 
SOD protein will be useful for the prevention and treatment of skin diseases. Also, 
the cell-transducing EC SOD fusion protein prepared by fusing the protein 
15 transduction domain to EC SOD has excellent cell-transduction ability so that it will 
be useful for preventing and treating skin diseases. 



51 



